MNGIE: from nuclear DNA to mitochondrial DNA.
Mitochondrial neurogastrointestinal encephalomyopathy (MNGIE) is a unique autosomal recessive disorder with mitochondrial DNA alterations. The disease is characterized clinically by ptosis, progressive external ophthalmoparesis, gastrointestinal dysmotility, cachexia, peripheral neuropathy, and leukoencephalopathy. Muscle biopsies typically reveal mitochondrial abnormalities including ragged-red fibers and focal cytochrome c oxidase deficiency. Analysis of mitochondrial DNA in skeletal muscle shows partial depletion, multiple deletions, or both. To identify the cause of MNGIE, we mapped the disease locus to chromosome 22q13.32-qter. Within this region, we identified the gene encoding thymidine phosphorylase as the MNGIE gene. We have identified homozygous or compound-heterozygous thymidine phosphorylase gene mutations in 35 MNGIE patients (21 families) from diverse ethnic groups, including: Ashkenazi Jewish, Western European, Jamaican, Hispanic, and Japanese. We confirmed pathogenicity of the mutations by a spectrophotometric assay of thymidine phosphorylase activity with peripheral leukocytes of 15 MNGIE patients. Thymidine phosphorylase enzymatic activity was severely reduced, thus enabling us to conclude that the loss-of-function mutations in thymidine phosphorylase gene cause MNGIE. Thymidine phosphorylase catabolizes thymidine to thymine. In agreement with this notion, we noted that plasma thymidine level is increased more than 20-fold in MNGIE patients compared to controls. Therefore, we have hypothesized that increased thymidine causes mitochondrial nucleotide pool imbalance which, in turn, leads to motochondrial DNA alterations, via a mitochondria-specific thymidine salvage pathway. The identification of the MNGIE gene has allowed us to classify MNGIE as a disease of nucleoside dysmetabolism. We may be entering a new era of research on mitochondrial nucleoside metabolism.